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@ An apparatus for playback of an optical record- 
ing medium (i) where data are recorded after com- 
bined calculation of a difference signal and a sum 
signal generated by detecting reference patterns and 
the return light reflected from the optical recording 
medium (1). The recording medium (1) has tracks 
formed at such a pitch that at least two tracks are 
scanned simultaneously by a spot of a light beam 
(12) irradiated onto the recording surface. Each track 
has reference pattern data composed of wobble pits 
(B, C) formed at positions deviated from the track 
center and a multiplicity of pits (A) formed exactly 
on the track center, wherein the multiple pits (A) and 
the wobble pits (B, C) are disposed successively. 
The apparatus comprises an optical detector (25) 
and a signal discriminator (31). The optical detector 



(25) has first (25a, 25d) and second (25b. 25c) 
adjacent light receiving areas divided along the tan- 
gential direction of the tracks and serving to receive 
the return light of the light beam irradiated onto and 
reflected from the optical recording medium (1). The 
signal discriminator (31) comprises a subtracter 
(27d) for calculating the difference between the 
cutout detection signals of the first (25a, 25d) and 
second (25b, 25c) light receiving areas, and an ad- 
der (27c) for calculating the sum of such output 
detection signals. The signal discriminator (31) dis- 
criminates the recorded data of the optical recording 
medium in accordance with the result of the com- 
bined calculation of the difference signal and the 
sum signal obtained respectively from the subtracter 
(27d) and the adder (27c). 
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BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to an optical re- 
cording medium such as an optical disc, magneto- 
optical disc, information card or the like where data 

are recorded with pits formed in tracl<s on its 
recording surface, and also to a method for 
playbacic of such recording medium. 

2. Description of the Related Art 

A pit format on an optical recording medium 
such as an optical disc rotated at a predetermined 
constant angular velocity (CAV) is so formed as 
shown in Fig. 1 for example. In this exemplary pit 
format, pits 71 each having a width of 0.5 iiim and 
a length of 0.86 um are formed on tracks an'ayed 
at a pitch of 1.6 iLim In the radial direction. Such 
dimensions are set on the basis of restrictions in 
manufacture, and the size of a playback beam spot 
72 and so forth on the recording surface of an 
optical recording medium. 

In this specification, the term "pit" signifies any 
of physically shaped pits such as an embossed 
one on a read-only optical disc, a bubble-like one 
on a write-only optical disc, or any of those repre- 
sented by changes of the reflectivity on a phase- 
change type optical disc, or a pit optically detect- 
able by utilizing the Kerr effect as on a magneto- 
optical disc. 

For raising the recording density on such re- 
cording medium, it is generally customary to adopt 
techniques of narrowing the track pitch or shor> 

tening the pit length while reducing the spot size of 
a light beam so as to prevent generation of cros- 
stalk that may be caused by the pits on adjacent 
tracks. 

However, since the spot size of the light beam 
is proportional to the wavelength of the beam and 
is in inverse proportion to the numerical aperture 

(NA) of an objective lens, it becomes necessary to 
develop a novel laser light source of a short 
wavelength and to employ an expensive large- 
diameter lens for increasing the NA. Practically, 
however, there exist some limits in realizing a 
higher recording density by such techniques, and 
difficulties are unavoidable In attaining a remark- 
ably enhanced density. 

For achieving a higher recording density, there 
may be contrived a means of narrowing the track 
pitch while maintaining the desired spot size and 
diminishing the pit width in a manner to prevent 
occurrence of any crosstalk. In such a case, how- 
ever, other problems arise as a result of diminish- 
ing the pit width, including that the yield rate in 
manufacture is lowered and the conventional cut- 



ting apparatus is rendered unusable. 

SUMMARY OF THE INVENTION 

5 It is an object of the present invention to pro- 

vide a novel optical recording medium with an 
enhanced recording density and a method for play- 
ing back such recording medium. 

According to a first aspect of the present in- 

10 vention, there is provided an optical recording me- 
dium with tracks each comprising wobble pits 
formed at positions deviated from the track center 
and a multiplicity of pits formed exactly on the 
track center. The wobble pits and the multiple pits 

15 are positioned successively on each track, and the 
pitch of the tracks is so determined that at least 
two tracks are scanned simultaneously by a spot of 
a light beam irradiated onto the surface of the 
recording medium. And signal-data are recorded 

20 on the tracks of the optical recording medium In 
such a manner that the data can be detected on 
the basis of a push-pull signal and a sum signal 
obtained when the light beam irradiated onto the 
recording surface scans a preceding track and a 

25 following track adjacent thereto. 

According to another aspect of the present 
invention, there Is provided a method for playback 
of an optical recording medium where tracks hav- 
ing a multiplicity of pits are formed at such a pitch 

50 that at least two tracks are scanned simultaneously 
by a spot of a light beam irradiated onto the 
recording surface. 

This playback method comprises the proce- 
dure of first in^adiatlng a light beam onto the re- 

36 cording surface in such a manner as to simulta- 
neously scan a preceding track and a following 
adjacent track on the optical recording medium; 
then receiving the reflected light beam from the 
optical recording medium; subsequently generating 

40 a difference signal corresponding to the difference 
between detection signals obtained from first and 
second light receiving areas of an optical detector 
divided along the tangential direction of the tracks 
on the optical recording medium, and also generat- 
es ing a sum signal corresponding to the sum of the 
detection signals obtained from the first and sec- 
ond light receiving areas; and reproducing the data 
by combining and calculating the difference signal 
and the sum signal. 

50 In the present invention, an Improved optical 
recording medium with an enhanced recording 
density and a playback method thereof can be 
provided by the use of a novel technique other 
than the known means of shortening the 

55 wavelength of a laser light source. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is an explanatory diagram Illustrating a 
conventional optical disc playback metiiod; 
Rgs. 2A to 2E are explanatory diagrams show- 
ing the recording medium of the present inven- 
tion and a playback method thereof; 
Figs. 3A to 3C are explanatory diagrams show- 
ing how the recording medium of the invention 
is scanned for playback, and also the data re- 
produced therefrom; 

Fig. 4 is a block diagram of a cutting system for 
the recording medium of the invention; 
Fig. 5 is a block diagram of a playback appara- 
tus for the recording medium; 
Fig. 6 is a block diagram of principal compo- 
nents in the playback apparatus for the record- 
ing medium; 

Fig. 7 is an explanatory diagram Illustrating non- 
wobble pits and wobble pits In the embodiment 
with diffraction levels obtained by mirror por- 
tions; 

Figs. 8A and 8B graphically show RF signal 

values and push-pull signal values in the 

playback method of the invention; 

Rg. 9 Is an explanatory diagram of a beam 

position corresponding to the data shown In Fig. 

8; 

Fig. 10 is an explanatory diagram of a data map 
for discriminating 16 values in the playback 
method of the invention; 

Rg. 11 is an explanatory diagram of a servo 
area utilizing the reference data In the embodi- 
ment; 

Fig. 12 is a block diagram of a tracking servo 
signal generator in the embodiment; 
Figs. 13A to 13E are explanatory diagrams of 
the operation for generating a tracking servo 
signal in the embodiment; and 
Fig. 14 is an explanatory diagram of a servo 
area which enables detrack tracking with de- 
viations by utilizing the reference data in the 
embodiment. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Hereinafter exemplary embodiments of the 

present invention will be described in detail with 
reference to the accompanying drawings. 

Referring first to Figs. 2 and 3, a description 
will be given with regard to a pit format on a read- 
only optical disc as an optical recording medium of 
the embodiment. 

In Fig. 2A, there are typically shown embossed 
pits 11 and a beam spot 12 irradiated from a 
playback apparatus to the recording surface of an 
optical disc. On this optical disc, the track pitch is 



set with respect to the diameter of the beam spot 
12 in such a manner that two mutually adjacent 
tracks #n and #n + 1 are scanned simultaneously. 
The pits 1 1 formed on each track include nonwob- 

5 ble pits (A) positioned exactly on the track center, 
wobble pits (B) positioned with a deviation from the 
track center in the direction +a, and wobble pits 
(C) positioned with a deviation from the track cen- 
ter in the direction -a. Furthermore, mirror portions 

10 (M) without any of the pits 11 are formed to there- 
by represent 4-value data. 

In the 4-value data consisting of A, B, 0, M as 
shown in Rg. 2B, the data A1, B1, C1, Ml are 
existent on the track #2, and the data A2, 82, C2, 

75 M2 are existent on the track #n + 1. Therefore 16 
kinds of data expressions (patterns PI - PI 6) com- 
prising combinations of the data A1, B1, CI, Ml 
and the data A2, B2, C2, M2 can be obtained as 
the beam scans the tracks #n and the track #n + 1 

20 simultaneously. 

The data to be recorded on the tracks of the 
optical disc are modulated to four values in accor- 
dance with the data classes (A, C, M) on the 
preceding track, so that a total of 16-value data are 

25 reproduced in the patterns P1 - P16. 

For example, as shown in Rg. 3A, pits 11 are 
formed on the tracks #1 , #2, #3, #4. In this exam- 
ple, each pit 1 1 has a width of 0.5 ixm and a length 
of 0.86 um. The track pitch is set to 0.8 um which 

30 is substantially half the size or diameter (1 .5 to 1 .6 
jbim) of the scanning beam spot 12. 

During the scan with the beam spot 12 In the 
playback mode, the beam spot 12 Is controlled for 
tracking at the intermediate position between the 

35 mutually adjacent tracks. Then the data on the 
tracks #1 and #2 are read out by a scan R1, and 
similarly the data on the tracks #2 and #3 are read 
out by a scan R2, and subsequently the data on 
the tracks #3 and #4 are read out by a scan R3. 

40 The data represented on the tracks #1 - M are 
denoted by A, B, C, M as shown in Fig. 3B. Fig. 30 
shows 16 values of the patterns PI - PI 6 extracted 
by the scans R1, R2, R3 as combinations of the 
data in Fig. 3D. For example, the data (A, B) 

45 obtained from the tracks #1, #2 by the scan R1 are 
reproduced as a pattern P2, and the data <M, M) 
are reproduced as a pattern P16. Consequently the 
storage capacity of this optical disc can be remark- 
ably increased in comparison with that of the con- 
so ventional optical disc where binary values "1" and 
"0" are expressed merely by the presence and 
absence of pits. 

The record data consisting of A, B, C, M may 
be produced in such a manner that the data A, B, 

56 C, M correspond respectively to the record data 
"11", "10", "01", "00", or 4^bit data correspond to 
a pair of mutually adjacent tracks (i.e., patterns PI 
-PI 6). 
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Referring now to Fig. 4, a description will be 
given on the optical disc recording method for 
representing the data A, B, C, M on the tracks as in 
the ennbodiment. 

The processes for manufacture of read-only 
optical discs are broadly divided into a mastering 
process and a replication process. The mastering 
process is executed for completing a stamper to be 
used in the subsequent replication process. And 
the replication process Is executed for mass pro- 
duction of optical discs which are replications of 
the stamper. 

More specifically, in the mastering process, a 
polished glass substrate is coated with a photores- 
ist, and the light sensitive film thus formed is 
exposed to a laser beam to thereby record the 
data. The data to be recorded here need to be 
prepared, and the preparatory process for such 
data is termed "premastering**. Upon termination of 
the data recording operation, predetermined steps 
for development and so forth are executed, and 
then the data are transferred onto the metallic 
surface by electroforming or the like, thereby pro- 
ducing a stamper which is required for replication 
of optical discs. 

Subsequently the data on the stamper are 
transferred onto a plastic substrate by the art of 
injection or the like with such stamper and, after 
providing a reflecting film, predetermined steps of 
shaping a desired disc contour and so forth are 
executed to complete an optical disc as a final 
product. Accordingly, the medium recording meth- 
od of the present invention is applied to the 
premastering and the cutting mentioned above. 

The cutting apparatus comprises, as shown in 
Fig. 4 for example, an optical unit 40, a driving unit 
50 and a signal processing unit 60. In the optical 
unit 40, a laser beam Is Irradiated to the glass 
substrate 41 coated with the photoresist to perform 
the cutting. Subsequently the driving unit 50 drives 
the glass substrate 41 to rotate the same. And the 
signal processing unit 60 converts the input data to 
record data while controlling both the optical unit 
40 and the driving unit 50. 

The optical unit 40 comprises a laser light 
source 42, an optical modulator 43A, an optical 
deflector 43B, a prism 44 and an objective lens 45. 
The laser light source 42 consists of, e.g., a He-Cd 
laser. The optical modulator 43A is of acoustic type 
for modulating the output light of the laser light 
source 42 by switching on or off the same in 
accordance with the record data. The optical de- 
flector 43b is also of acoustic type for deflecting 
the output light of the laser light source 42 in 
accordance with the record data. Meanwhile the 
prism 44 deviates the optical axis of the modulated 
beam obtained from the optical deflector 438, and 
the objective lens 45 condenses the modulated 



beam reflected through the prism 44 and irradiates 
the beam onto the photoresist surface of the glass 
substrate 41 . 

The driving unit 50 comprises a motor 51, a 
5 frequency generator 52, a slide motor 53 and a 
servo controller 54. TTie motor 51 drives the glass 
substrate 41 to rotate the same at a predetermined 
constant angular velocity. The frequency generator 

52 generates FG pulses for detecting the rotation 
10 speed of the motor 51. The slide motor 53 dis- 
places the glass substrate 41 in the radial direction 
thereof. And the servo controller 54 controls the 
rotation speeds of the motor 51 and the slide motor 

53 and also the focusing of the objective lens 45. 
15 The signal processing unit 60 comprises an en- 
coder 61 , a logic calculator 62, a driver 63, a clock 
generator 64 and a system controller 65. The en- 
coder 61 forms input data by adding an error 
correction code and so forth to the source data 

20 received from, e.g., a computer. The logic calcula- 
tor 62 executes a predetermined logic calculation 
of the input data from the encoder 61 to thereby 
form record data. The driver 63 serves to drive 
both the optical modulator 43A and the optical 

26 deflector 438 in accordance with the recording 
data inputted from the logic calculator 62. Mean- 
while the clock generator 64 supplies clock pulses 
to the logic calculator 62 and so forth. And the 
system controller 65 serves to control the servo 

30 controller 54 and so forth in accordance with the 
clock pulses supplied thereto. 

During the operation of the cutting apparatus 
shown in Fig. 4, the servo controller 54 drives the 
motor 51 to rotate the glass substrate 41 at a 

35 constant angular velocity while driving the slide 
motor 53 to displace the glass substrate 41 at a 
rate of 0.8 nm per rotation, i.e., in a manner to 
attain a track pitch of 0.8 um. 

And simultaneously the light emitted from the 

40 laser light source 42 is converted via the optical 
modulator 43A and the optical deflector 438 into a 
modulated beam bas^ on the record data, and 
then such modulated beam is irradiated from the 
objective lens 45 onto the photoresist surface of 

46 the glass substrate 41. As a result, the photoresist 
Is exposed in confbmnity with the record data. 

Meanwhile the input data with the error correc- 
tion code and so forth added thereto by the en- 
coder 61 is supplied to the logic calculator 62, 

60 where the record data is produced. The logic cal- 
culator 62 includes a memory having a capacity to 
store the record data of at least one track. More 
specifically, the logic calculator 62 stores in its 
memory the 4^value data A, B, C, M recorded on 

55 the preceding track and executes a predetermined 
logic calculation with respect to such stored record 
data and the input data. As a result, the data to be 
recorded on the next track. I.e., the 4-value data A, 
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B, C, M are formed in the logic calculator 62. 

The record data is supplied to the driver 63, 
which then controls the optical modulator 43A in its 
on-state at the bit timing when the record data Is A, 
B or C, or controls the optical modulator 43A In its 
off-state at the bit timing when the record data Is 
M. The driver 63 further controls the optical deflec- 
tor 438 in such a manner that the deflection thereof 
is turned in the direction +a or -a at the bit timing 
when the record data is B or C. 

Consequently, in accordance with the 4-value 
record data, there are fomned on the glass sub- 
strate 41 an exposed area corresponding to the pit 
on the track center, an exposed area corresponding 
to the wobble pits having a deviation in the direc- 
tions + a and -a, and a nonexposed area used as a 
mirror portion. Thereafter a stamper is produced 
through developing and electroforming steps, and 
optical discs are manufactured by the use of such 
stamper. 

Hereinafter a description will be given on the 
method of reproducing the data from the optical 
disc of the embodiment. It is necessary to exactly 
extract the data of patterns P1 - P16 shown In Rg. 
2 out of the diffracted light data obtained from the 
optical disc 1 by the 2-track simultaneous scan. 

First the constitution of the playback apparatus 
will be described below with reference to Figs. 5 
and 6. In Fig. 5, there are shown a laser light 
source 21 , and a collimator lens 22 where the light 
beam emitted from the laser light source 21 Is 
collimated. Denoted by 23 is an objective lens for 
focusing the collimated light beam, which is ob- 
tained through the collimator lens 22, on the re- 
cording surface of the optical disc 1. A beam 
splitter 24 is provided for splitting the input into the 
light beam emitted from the laser light source 21 
and the light beam reflected from the recording 
surface of the optical disc 1. A detector 25 receives 
the light beam reflected from the recording surface 
of the optical disc 1 . The light receiving surface of 
the detector 25 is divided into four areas 25a, 25b, 
25c, 25d as illustrated in Fig. 6. The boundary 
between the light receiving areas 25a and 25b, and 
the boundary between the areas 25c and 25d are 
directionally coincident with the tracks of the op- 
tical disc 1 or the tangential direction of the tracks. 
Denoted by 26 is a condenser lens for focusing on 
the optical detector 25 the light beam separated by 
the beam splitter 24 and reflected from the optical 
disc 1. Although not shown, a cylindrical focus 
error detecting lens is disposed between the con- 
denser lens 26 and the optical detector 25. An 
optical head 20 Is constituted of the above-de- 
scribed laser light source 21, collimator lens 22, 
objective lens 23, beam splitter 24, optical detector 
25 and condenser lens 26. The optical head 20 is 
moved by an unshown feed mechanism in the 



radial direction of the optical disc 1 . 

The objective lens 23 is driven by an unshown 
actuator, which is incorporated in the optical head 
20, In the focusing direction or the tracking dtrec- 

5 tion. The spot of the light beam emitted to be 
focused on the recording surface of the optical disc 
1 through the objective lens has a diameter of 1 .6 
jxm on the recording surface. Since the track pitch 
of the optical disc 1 is 0.8 |im as mentioned, the 

10 mutually adjacent tracks on the optical disc 1 are 
scanned simultaneously. Denoted by 27 Is a 
calculator/amplifier to which the output of the de- 
fector 25 is supplied. The cateulator/amplifier 27 
generates a focusing signal by the astigmatism in 

75 accordance with the output signal of the detector 
25. As will be described later, the 
calculator/amplifier 27 also generates a tracking 
error signal and supplies the same to a servo 
controller 33 together with the focusing error signal. 

20 The calculator/amplifier 27 further generates an RF 
signal, i.e., a sum signal which corresponds to the 
sum of the detection signals obtained respectively 
from the light receiving areas 25a, 25b, 25c, 25d of 
the detector 25, and a push-pull signal, i.e., a 

25 difference signal which corresponds to the differ- 
ence between the sum of the detection signals 
finom the light receiving areas 25a, 25d and the 
sum of the detection signals from the light receiv- 
ing areas 25b, 25c. 

30 A discriminator 31 receives both the RF signal 
and the push-pull signal from the 
calculator/amplifier 27 and reproduces the 1 6-value 
data in accordance with such RF signal and push- 
pull signal. A PLL circuit 32 is provided for re- 

35 producing the clock pulses included in the RF 
signal obtained from the calculator/amplifier 27. A 
servo controller 33 receives the focusing error sig- 
nal and the tracking error signal from the 
calculator/amplifier 27 and generates a focus con- 

40 trol signal and a tracking control signal In accor- 
dance with the focusing en'or signal and the track- 
ing error signal. The focus control signal and the 
tracking control signal thus obtained are then sup- 
plied to a coil 20a of the actuator to execute focus 

46 and tracking servo control actions with respect to 
the objective lens 23. The servo controller 33 
drives the feed mechanism in response to a track 
jump command from an undermentioned system 
controller 34 to thereby displace the optical head 

50 20 in the radial direction of the optical disc 1 . The 
system controller 34 receives the clock pulses from 
the PLL circuit 32 and controls the operations of 
both the servo controller 33 and the signal discrimi- 
nator 31 in accordance with the clock pulses. De- 

55 noted by 35 is a spindle motor for rotating the 
optical disc 1 at a constant angular velocity (CAV). 

Fig. 6 shows the constitution of principal com- 
ponents in the calculator/amplifier 27 and the signal 
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discriminator 31 for generating 16-value data and a 
tracking error signal. There are included adders 
27a, 27b and 27c. The adder 27a receives detec- 
tion signals SA and SD from the light receiving 
areas 25a and 25d respectively. Meanwhile the 
adder 27b receives detectk)n signals SB and SC 
from the light receiving areas 25B and 25C: and 
the adder 27c receives output signals 11 and 12 
from the adders 27a and 27b respectively. The 
adder 27a executes an addition of the detection 
signals SA and SD (SA SD = n ) obtained from 
the light receiving areas 25a and 25d. The adder 
27b executes an addition of the detection signals 
SB and SC (SB + SC = 12) obtained from the light 
receiving areas 25b and 25c respectively. And the 
adder 27c executes an addition of the output sig- 
nals II and 12 (II + 12) obtained from the adders 
27a and 27b respectively, and delivers the resultant 
sum signal as an RF signal. Denoted by 27d is a 
subtracter supplied with the output signals II and 
12 of the adders 27a and 27b. The subtracter 27d 
subtracts the output signal 12 of the adder 27b from 
the output signal 11 of the adder 27a (i.e., 11 - 12) 
and delivers the resultant difference signal as a 
push-pull signal. There are also Included sample- 
hold circuits 27e and 27g for sampling the output 
RF signal of the adder 27c at a predetermined 
timing. Denoted by 27f is a tracking error signal 
generator which, as will be described rater, gen- 
erates a tracking error signal in response to the 
output of the sample-hold circuit 27e. Further 
shown are analog-to-digital (A-D) converters 31a, 
31b and a 1&>value converter 31c. The A-D con- 
verter 31a receives the RF signal from the adder 
27c, while the A-D converter 31b receives the 
push-pull signal from the subtracter 27d. The 16- 
value converter 31c has a conversion table therein 
to discriminate the data on the basis of the RF 
signal and the push-pull signal. 

The RF signal outputted from the adder 27c is 
sampled at a predetermined timing In the sample- 
hold circuit 27e and then is supplied to the signal 
generator 27f, which generates a tracking error 
signal in accordance with the RF signal sampled 
and held in the circuit 27e. The RF signal outputted 
from the adder 27c is supplied also to the sample- 
hold circuit 27g and is sampled therein at a pre- 
determined timing. And the output of the sample- 
hold circuit 27g Is supplied as clock data to the 
PLL circuit 32. 

The RF signal outputted from the adder 27c is 
converted to digital data by the A-D converter 31a 
and then is supplied to the 16-value converter 31c. 
Meanwhile the push-pull signal outputted from the 
subtracter 27d is converted to digital data by the A- 
D converter 31 b and then is supplied also to the 
16-value converter 31c. Subsequently In the 16- 
value converter 31c, a matrix calculation is ex- 



ecuted with respect to the digital RF signal and the 
digital push-pull signal supplied from the A-D con- 
verters 31a and 31b respectively, so that the afore- 
mentioned 16-vaiue data (PI - P16) are discriml- 
5 nated. 

Hereinafter a description will be given on the 
data extraction performed by the 16-value con- 
verter 31c In the playback apparatus of the con- 
stitution mentioned above. 

70 Suppose now that as shown In Fig. 7, the 

mirror portion Ml and the pits A1, B1, CI are 
existent on the track #n with respect to the beam 
spot 12, and the mirror portion M2 and the pits A2, 
B2, C2 are existent on the track #n + 1 . The diffrac- 

15 tion level II obtained by the light receiving areas 
25a, 25b of the detector 25 and the diffraction level 
12 obtained by the light receiving areas 25b, 25c of 
the detector 25 correspond respectively to 0, a, 2a, 
3a as shown in Rg. 7. Fig. 2C shows the diffraction 

20 levels II and 12 with regard to the patterns PI - 
PI 6. 

Since the RF signal is obtained through an 
addition of II + 12, the diffraction level relative to 
the RF signal has a distribution ranging from 0 to 

25 -6 in conformity with the patterns PI - PI 6 as 
shown In Fig. 2D. Meanwhile the push-pull signal 
obtained through a subtraction of 11 - 12 has a 
diffraction level distribution ranging from -3 to +3 
in conformity with the patterns PI - P16 as shown 

30 In Fig. 2E. 

Figs. 8A and 88 graphically show such level 
distributions relative to the RF signal (modulation 
degree) and the push-pull signal, wherein the or- 
dinate represents the values calculated on the ba- 

35 sis of 0.0 as a mirror level, and the abscissa 
represents the beam positions when the beam spot 
12 Is displaced In the scanning direction during the 
playback mode with the point 0.0 taken as a pit 
center. Therefore, by executing extraction of the 

40 data in accordance with the clock pulse corre- 
sponding to the beam position 0.0, the data relative 
to the RF signal can be extracted in a level range 
of 0 to -0.65, and the data relative to the push-pull 
signal can be extracted in a level range of -0.3 to 

45 +0.3. 

Thus, 7-class level discrimination is possible 
for both the RF signal and the push-pull signal, and 
the individual patterns PI - P16 are positioned 
Independently of one another on the data map 

50 conforming with the level classes of the RF signal 
and the push-pull signal, as shown In Fig. 10. 
Consequently, since such data map is stored in the 
16-value converter 31c, it becomes possible to 
easily Identify, from the values of the digitized input 

55 RF signal and push-pull signal, which of the pat- 
terns PI - P16 has been scanned for reproduction 
by the beam spot 12. 
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For example, when the RF signal value is -0.2 
(= 2 in the data map) and the push-pull signal 
value is 0.0 (= 0 in the data map), the result is 
discriminated as a pattern P7, and the data on the 
track #n is reproduced as the data B of the +a 
wobble pit while the data on the track #n + 1 Is 
reproduced as the data C of the -a wobble pit. 

Since the data map shown in Fig. 10 is stored 
as a conversion table in the 16-value converter 31c, 
any of the patterns PI - PI 6 can be discriminated 
on the basis of the RF signal value and the push- 
puil signal value. For the purpose of achieving such 
discrimination, It is necessary to determine, as 
shown In Fig. 10, threshold values SLm - SLr^ for 
deciding the RF signal value as a level in a range 
of 0 to 6, and also threshold values SLpi - SLpe for 
deciding the push-pull signal value as a level in a 
range of -3 to +3. 

If the reflectivities of various kinds of optical 
discs are equal to one another or none of intercede 
Interference Is observed on the optical disc 1, the 
threshold values SLm - SLrs and SLpi - SLps may 
be determined on the basis of experimental data or 
the like and may be stored in advance. Practically, 
however, the reflectivities are slightly different from 
one another on the Individuai optical discs, and the 
RF and push-pull signal values based on the data 
A, B, C, M may be varied by some Intercede 
interference. 

In view of such practical circumstances, the 16- 
pattern data shown in Fig. 2A are stored previously 
as reference data in a predetermined area of a 
predetermined period (e.g., in a servo area in the 
sampled servo system) on the optrcal disc 1. And 
in the playback mode, optimal ones of the thresh- 
old values SLri - SLrb and SLpi - SLpe are cal- 
culated from the RF signal value and the push-pull 
signal value obtained by reproducing each pattern 
in such reference data. And such optimal threshold 
values selected out of the values SLri - SLrq - 
SLpi - SLp6 are stored In the memory Incorporated 
in the 16-value converter 31c, whereby it is ren- 
dered possible to attain exact 16-value discrimina- 
tion. 

It is further possible to obtain tracking servo 
data by previously recording such reference data in 
a servo area in the sampled servo system, e.g., in 
the first area of each segment within a sector which 
divides the track. For tracking, the beam spot 12 Is 
controlled at an intermediate position between a 
pair of mutually adjacent tracks. The tracking con- 
trol Is realized by the RF signal value sampled at 
the reproduction timing of the patterns PI , P4 and 
P13 (wobble pits 11 representing the data A) in 
Rg. 2A. 

Hereinafter a description will be given on how 
the tracking control is executed in this embodi- 
ment. 



Fig. 11 shows, with regard to tracks #i to 
#Ci + 1, patterns PI, P4 and PI 3 (servo pits IIS) 
recorded in the servo area SA as a portion of the 
reference data or separately therefrom. 
5 On a pair of tracks #AI and #BI, pattern PI Is 
disposed at position PSa. pattern PI 3 at positkDn 
PSb, and pattern P4 at position PSc, respectively. 
Meanwhile on a pair of tracks #Bi and #Ci, pattern 
P4 is disposed at position PSa, pattern PI at 

10 position PSb, and pattern P13 at position PSc, 
respectively. Also on a pair of tracks #Ci and 
#Ai + 1, pattern PI 3 is disposed at position PSa, 
pattern P4 at position PSb, and pattern P1 at posi- 
tion PSc, respectively. Further on the following 

75 tracks, servo pits IIS are formed similarly to the 
above. Denoted by DA is a data area provided in 
succession to the servo area SA. 

When the RF signal is outputted from the ad- 
der 27c incorporated in the cateulator/ampllfier 27 

20 shown In Rg. 6, the RF signal is supplied to the 
sample-hold circuits 27e and 27g. Then in the 
circuit 27g, the RF signal is sampled at the re- 
production timing of the position PSa for example 
and is supplied as clock data to the PLL circuit 32. 

25 Meanwhile sampling clock pulses are gener- 
ated, on the basis of the clock signal reproduced 
by the PLL circuit 32, In the system controller 34 
synchronously with the positions PSa, PSb, PSc 
and then are supplied to the sample-hold circuit 27. 

50 In this circuit, the RF signal is sampled by using 
the sampling clock pulses supplied thereto, so that 
3-phase signals RFA, RFB, RFC having mutually 
different phases are produced as shown In Fig. 
13A, and such signals are supplied to the tracking 

36 en'or signal generator 27f. As shown in Fig. 12, the 
tracking error signal generator 27f comprises dif- 
ferential amplifiers 80a, 80b, 80c, a multiplexer 81 , 
comparators 82a, 82b, 82c, and a logic calculator 
83. The differential amplifiers 80a, 80b, 80c cal- 

40 culate the mutual differences among the RF signals 
RFA, RFB, RFC outputted from the sample-hold 
circuit 27e. The multiplexer 81 selectively switches 
the output signals of the differential amplifiers 80a, 
80b, 80c in accordance with the output of the logic 

45 calculator 83. The comparators 82a, 82b, 82c re- 
ceive the output signals of the differential amplifiers 
80a, 80b, 80c respectively and detect the polarities 
of such output signals supplied. The logic calcula- 
tor 83 receives the output signals PA, PB, PC of 

50 the comparators 82a. 82b, 82c and executes an 
undermentioned logic calculation for each of such 
output signals PA, PB, PC to thereby generate a 
control signal for controlling the multiplexer 81 . 
As indicated by broken lines in Rg. 13B, the 

65 differential amplifier 80a subtracts the RF signal 
RFB from the RF signal RFC to thereby generate a 
tracking error signal TRA, Meanwhile the differen- 
tial amplifier 80b subtracts the RF signal RFC from 
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the RF signal RFA to thereby generate a tracking 
error signal TRB. And the differential amplifier 80c 
subtracts the RF signal RFA from the RF signal 
RFB to thereby generate a tracking error signal 
TRC. Therefore such tracking error signals TRA, 
TRB, TRC are composed of sinusoidal waves hav- 
ing a phase difference of 120* from one another 
and also having a phase iead of 90" to the RF 
signals RFA, RFB, RFC respectively. The tracking 
error signals TRA, TRB, TRC thus generated are 
supplied to the multiplexer 61 and the comparators 
82a, 82b, 82c. 

The comparators 82a, 82b, 82c detect the 
polarities of the tracking enror signals TRA, TRB, 
TRC respectively as shown in Fig. 13C, then gen- 
erates polarity signals PA, PB, PC which become 
"1" at a positive level for example, and supply 
such signals to the logic calculator 83. Subse- 
quently the logic calculator 83 executes undermen- 
tioned calculations of Eqs. (1) to (3) to generate 
control signals CA, CB. CC of which phases are 
mutually different by 120** as shown in Fig. 13D. 
The multiplexer 81 is controlled by the control 
signals CA, CB, CC in such a manner as to select 
the tracking error signal TRA when the control 
signal CA is "1", or to select the tracking error 
signal TRB when the control signal CB Is "1 or to 
select the tracking error signal TRC when the con- 
trol signal CC is "1". 

CA = PC A INV(PB) (1) 

CB = PA A INV (PC) (2) 

CC = PB A INV (PA) (3) 

In Eqs. (1) to (3), "A" and "INV ( )" denote a 
logical product and a negative logic, respectively. 

Consequently the multiplexer 81 generates a 
tracking error signal where, as indicated by a solid 
line in Fig. 13B, the three-phase tracking error 
signals TRA, TRB, TRC having mutually different 
phases are periodically switched. The tracking er- 
ror signal thus outputted from the multiplexer 81 Is 
processed in the servo loop for phase compensa- 
tion and then is supplied to the actuator incor- 
porated In the optical head, so that the objective 
lens 23 Is displaced by the actuator in the radial 
direction of the optical disc 1 in a manner to 
reduce the tracking error signal to zero. 

Due to such tracking servo control, the inter- 
mediate position between the paired adjacent 
tracks is regarded as a tracking center, and a scan 
for playback is executed to thereby read the 16- 
value pattern data from the paired tracks. 

In this embodiment where wobble pits 11 are 
provided as data B or data C, it is possible, by 
utilizing such wobble pits 11, to perform tracking in 



a detrack state with a slight deviation from the 
tracking center. 

As shown in Fig. 14, servo pits IIS composed 
of the aforementioned nonwobble pits are provided 
5 as a portion of the reference data or separately 
therefrom, and servo pits 11Sw+, 11Sw- are 
fomned of wobble pits In the servo area SA. 

More specifically, servo pits 11Sw+ are pro- 
vided at positions PSa+, PSb+, PSc+ by using the 
10 patterns P6, P8, PI 4 of the wobble pits having a 
deviation -i-a to represent the data B. And servo 
pits 11Sw- are provided at positions PSa-> PSb-> 
PSc- by using the patterns P11, PI 2, PI 5 of 
wobble pits having a deviation -a to represent the 
75 data C. 

When a tracking error signal Is generated as 
described from the RF signal based on the servo 
pits 11Sw+ at the positions PSa+, PSb+. PSc+. 
then tracking control Is performed with a deviation 
20 -a from the original tracking center Indicated by a 
one-dot chained line. 

And when a tracking error signal is generated 
from the RF signal based on the servo pits 11 Sw- 
at the positions PSa-, PSb-, PSc-, tracking control 
25 is performed with a deviation -a from the original 
tracking center. 

Due to the execution of such tracking control, it 
becomes possible to enhance the function of dis- 
criminating the 16-value data despite harmful Influ- 
30 ence of crosstalk or the like,whereby the action is 
rendered applicable to verification. 

Suppose now that there are some difficulties in 
deciding whether the data reproduced from one 
pair of tracks is the pattem PI or P3. 
36 Under such condition, If a playback operation is 
performed in a detrack state with a deviation +a, 
data A is read as data C so that the actual pattern 
P1 (A1, A2) is discriminated as the pattern P11 
(CI, C2). Also the actual pattern P3 (A1, C2) is 
40 discriminated as the pattern P12 (CI, M2) since 
data A is read as data C, and data C is read as 
data M. 

Further in a playback operation performed In a 
detrack state with a deviation -a, data A is read as 

45 data B so that the actual pattern P1 (A1, A2) is 
discriminated as the pattern P6 (B1, B2). And the 
actual pattern P3 (A1, C2) is discriminated as the 
pattern P5 (B1. A2) since data A is read as data B, 
and data C is read as data A. 

50 More specifically, when the data reproduced by 
ordinary tracking cannot be discriminated as the 
pattern Pi or P3 or when the accuracy of such 
discrimination Is low, a playback operation is per- 
formed in both detrack states with deviations +a 

65 and -a. And if the result of the +a detrack 
playback is the pattern P12 and the result of the -a 
detrack playback is the pattern P5, the data can be 
discriminated as the pattern P3. Similarly, if the 
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result of the +« detrack playback is the pattern 
P1 1 and the result of the -a detrack playback is the 
pattern P6, the data can be discriminated as the 
pattern PI. 

Thus, due to discrimination of the data by the s 
data map of Rg. 10 with the -i-a detrack playback 
and the data map with the -a detrack playback, it 
becomes possible to Improve the redundancy and 
to cancel any harmful influence derived from cros- 
stalk or the like. io 

Application to the verification is rendered possi- 
ble also by determining ±aF defocus states in 
comparison with a proper focus state regarded as 
0. 

In a defocus state for example, there may is 
occur a case where the modulation degree is 
lowered (with the level of pattern P10 changed 
from 6 to 5) or is raised (with the level of pattem 
P7 changed from 2 to 3) while the push-pull signal 
of patterns Pi, P7, PI 6, P10 remains unchanged. 20 
In other words, a data map can be formed by +aF 
and -aF defocus states, which may be utilized 
similarly to the above. 

In this embodiment, a scan for playback is 
executed as denoted by R1 , R2 .... and so forth In 2S 
Fig. 3A, whereby each track Is scanned twice for 
playback. 

Therefore, in case any harmful influence may 
be derived from crosstalk, the operation for ver- 
ification can be performed with reference to the 30 
data obtained by the preceding scan. 

With regard to the track #2 in Fig. 3 for exam- 
ple, 4-value data reproduced from the track #2 by a 
scan R1 is stored temporarily in the IG-value con- 
verter 31c. And In response to input of next 4-value 35 
data reproduced from the track #2 by a following 
scan R2, such input data is compared with the 
stored data obtained by the preceding scan R1, 
And after verifying a coincidence therebetween, the 
reproduced data of the track #2 Is completely de- 40 
cided. 

Similarly the reproduced data of the track #3 is 
decided on the basis of the data obtained from the 
track #3 by a scan R2 and the data obtained 
therefrom by a following scan R3. After verifying 46 
proper extraction of the stored data in this manner, 
the 16-value data is reproduced according to the 
data map. Such verification is effective to diminish 
or eliminate any data reproduction error. 

Besides the above procedure, verification may so 
also be performed with addition of the reproduced 
data obtained by the aforementioned ±a detrack 
scans. Regarding the track #2 for example, any 
harmful influence of the crosstalk from the adjacent 
track #3 can be reduced by executing a scan R1 in 55 
a +a detrack state (using the +a detrack data 
maps). Similarly, any harmful influence of the cros- 
stalk from the adjacent track #1 can be reduced by 



executing a scan R2 in a -a detrack state (using 
the -a detrack data map). 

Since proper data reproduction is achievable 
by canceling the crosstalk due to such verification, 
it iDecomes possible to set the track pitch to a 
value smaller by a length corresponding substan- 
tially to If there exists a margin In the disc rotation 
rate and a twice-read is possible Inclusive of addi- 
tional detrack-state tracking, a further higher den- 
sity Is realizable in the recording. 

The embodiment described hereinabove is 
concerned with an exemplary case of setting de- 
viations ±a relative to wobble pits. In case the 
signal-to-noise ratio is sufficiently high, other wob- 
ble pits having deviations ±0 and ±7 may also be 
provided in addition to the wobble pits having the 
deviations ±a. 

in such modified embodiment, the data repre- 
sented on the track comprises, for example, 8 
values including a nonwobble pit (the said data A), 
±a wobble pits (the said data B, C), a mirror portion 
M, ±a wobble pits (data D, E) and ty wobble pits 
(the said data F, G). 

Therefore a total of 64-pattern data are re- 
corded on a pair of adjacent tracks, so that 64- 
value data can be reproduced at a timing of one 
bit. In this case, If the pit length is set to 0.8 {xm, it 
becomes possible to realize a high density cor- 
responding substantially to 0.0125 mm/bit (32 times 
the density on the known compact disc). 

Although patterns are represented on each pair 
of tracks in the embodiment mentioned, there may 
be contrived a modification where the track pitch 
and the spot size are so set as to irradiate the 
beam spot onto three or more tracks simultaneous- 
ly under the condition that the record data is gen- 
erated on each track by a logic calculation of the 
input data and the record data on the preceding 
two or more tracks. 

Relative to the scan for playback, the afore- 
mentioned procedure of scanning the Intermediate 
position between the adjacent tracks as R1, R2, 
R3, .... and so forth in Fig. 3 may be so modified 
as to scan each track merely once as R1, R3, .... 
and so forth. 

In this embodiment, data are recorded in the 
shape of embossed pits. However, It is to be un- 
derstood that the present invention is applicable 
also to another type where data are represented by 
grooves. In this case, three or more values are 
represented by the use of wobbling grooves having 
deviations of ±a and so forth from an on-track 
groove. 

Furthermore the recording medium is not limit- 
ed merely to an optical disc alone, and the present 

invention is applicable to any of card-like recording 
media as well. 
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Claims 

1. An apparatus for playback of an optical record- 
ing medium (1) where record tracks having a 
multiplicity of pits (11) are formed at such a 5 
track pitch that at least two tracks are scanned 
simultaneously by a spot (12) of a light beam 
irradiated onto the recording surface, said ap- 
paratus comprising: 

an optical detector (25) having first (25a, w 
25d) and second (25b. 25c) adjacent light re- 
ceiving areas divided along the tangential di- 
rection of the record tracks and serving to 
receive the return light of the light beam irradi- 
ated to and reflected from said optical record- 75 
Ing medium (1); and 

a signal discriminator (31) for discriminat- 
ing the recorded data on said optical recording 
medium (1) in accordance with a difference 
signal corresponding to the difference between 20 
detection signals outputted from said first (25a, 
25d) and second (25b, 25c) light receiving 
areas, and also with a sum signal correspond- 
ing to the sum of the detection signals output- 
ted from said first (25a, 25d) and second (25b, 25 
25c) light receiving areas. 

2. The apparatus according to claim 1, further 
comprising: 

a subtracter (27d) for calculating the dif- 30 
ference between the detection signals output- 
ted from said first (25a, 25d) and second (25b, 
25c) light receiving areas; and 

an adder (27c) for calculating the sum of 
the detection signals outputted from said first 35 
(25a, 25d) and second (25b, 25c) light receiv- 
ing areas. 

3. The apparatus according to claim 1, wherein 

said discriminator (31) comprises a calculator 40 
(31c) and a converter (31a, 31b) for converting 
said analog difference signal and sum signal to 
digital signals, and the digital difference signal 
and sum signal obtained from said converter 
(31a, 31b) are supplied to said calculator (31c). 45 

4. The apparatus according to claim 3, wherein 
said calculator (31c) has a conversion table for 

converting the reproduced signal read out on 

the basis of said digital difference signal and 50 

sum signal. 

5. An optical recording medium (1) where tracks 
are formed at such a track pitch that at least 

two tracks are scanned simultaneously by a 55 
spot (12) of a light beam irradiated onto the 
recording surface, each track having wobble 
pits (B. C) formed at positions deviated from 



the track center, a multiplicity of pits formed 
exactly on the track center (A), and a mirror 
portion (11) formed between said wobble pits 
and said multiple pits which are disposed suc- 
cessively; wherein signal-processed data are 
recorded on each track in such a manner that 
the data can be detected therefrom on the 
basis of a push-pull signal and a sum signal 
obtained by scanning a preceding track (# n) 
and a following adjacent track (# n + 1)with the 
light beam irradiated onto the recording sur- 
face. 

6. The optical recording medium (1) according to 
claim 5, comprising a mirror portion (11) to 
determine the threshold value at the time of 
detection of the record data, and reference 
pattern data composed of the wobble pits (B, 
C) and the pits (A) positioned exactly on the 
track. 

7. The optical recording medium (1) according to 
claim 6, wherein said reference pattern data is 
partially a servo pattern for obtaining a tracking 
error signal. 

8. A method for playback of an optical recording 
medium (1)where tracks are formed at such a 
track pitch that at least two tracks are scanned 
simultaneously by a spot of a light beam (12) 
irradiated onto the recording surface, each 
track having wobble pits (B, C)formed at posi- 
tions deviated from the track center and a 
multiplicity of pits (A) formed exactly on the 
track center to constitute reference pattern 
data, said method comprising the procedure 
of: 

irradiating the light beam onto the record- 
ing surface in such a manner as to scan a 
preceding track (# n) on the optical recording 
medium and a following track (# n + 1) adjacent 

to said preceding one; 

receiving the light beam reflected from the 
optical recording medium (1), and generating a 
difference signal corresponding to the differ- 
ence between detection signals outputted from 
first (25a, 25d) and second (25b, 25c) light 
receiving areas of an optical detector (25) di- 
vided along the tangential direction of the 
tracks on the optical recording medium, and 
also generating a sum signal corresponding to 
the sum of the detection signals outputted 
from said first (25a, 25d) and second (25b, 
25c) light receiving areas; and 

reproducing the data by calculating the 
combination of said difference signal and sum 
signal. 
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9. The method according to claim 8, wherein the 
levels of said difference signal and said sum 
signal are discriminated on the basis of thresh- 
old values preset by detecting the reference 
pattern on the optical recording mediunr), and 
the results of such discrimination are com- 
bined and calculated. 

10. The method according to claim 8, wherein 
tracking control Is executed In such a manner 
that, on the basis of a tracking error signal 
obtained by detecting the wobble pits (B, C) 
on the optical recording medium (1), the light 
beam scans the position which Is intermediate 
between a preceding track (# n) on the optical 
recording medium (1) and a following (# n + 1) 
track adjacent thereto and Is deviated toward 
the adjacent track. 

11. An apparatus for playback of an optical record- 
ing medium (1) where tracks are formed at 
such a track pitch that at least two tracks are 
scanned simultaneously by a spot of a light 
beam{12) irradiated onto the recording surface, 
each track having wobble pits (B, C) fonmed at 
positions deviated from the track center, a mul- 
tiplicity of pits (A) formed exactly on the track 
center, and a mirror portion (11) formed be- 
tween said wobble pits and said multiple pits 
which are disposed successively, said appara- 
tus comprising: 

an optical detector (25) having first (25a, 
25d) and second (25b, 25c) adjacent light re- 
ceiving areas divided along the tangential di- 
rection of record tracks and serving to receive 
the return light of the light beam irradiated to 
and reflected from the optical recording me- 
dium (1); 

a tracking controller (27f, 33) for generat- 
ing a tracking error signal on the basis of a 
signal corresponding to the difference between 
the detection signals outputted from said first 
(25a, 25d) and second (25b, 25c) light receiv- 
ing areas, and executing a tracking control 
action by the tracking error signal thus gen- 
erated; and 

a signal discriminator (31) for discriminat- 
ing the recorded data of the optical recording 
medium (1) on the basis of the difference 
signal corresponding to the difference between 
the detection signals outputted from said first 
(25a, 25d) and second (25b, 25c) light receiv- 
ing areas, and also on the basis of the sum 
signal conresponding to the sum of the detec- 
tion signals outputted from said first and sec- 
ond light receiving areas. 



12. The apparatus according to claim 11, wherein 
said tracking controller (27f, 33) comprises a 
tracking error signal generator (27f) for gen- 
erating a plurality of tracking error signals of 

5 mutually different phases by scanning the ref- 

erence pattern on the optical recording me- 
dium (1) with a light beam; a polarity detector 
(82) for detecting the polarities of the tracking 
error signals; and a switching means (81) for 

70 selectively switching the tracking error signals 

from said tracking error signal generator (27f) 
in response to the output of said polan'ty de- 
tector (82). 

75 13. The apparatus according to claim 11, further 
comprising: 

a subtracter (27d) for calculating the dif- 
ference between the detection signals output- 
ted from said first (25a, 25d) and second (25b, 

20 25c) light receiving areas; and 

an adder (27c) for calculating the sum of 
the detection signals outputted from said first 
(25a, 25d) and second (25b, 25c)light receiving 
areas. 

25 

14. The apparatus according to claim 11, wherein 
said discriminator (31) comprises a calculator 

(31c) and a converter (31a, 31b) for converting 
said analog difference signal and sum signal to 
30 digital signals, and the digital difference signal 

and sum signal obtained from said converter 
(31a, 31b) are supplied to said calculator (31c). 

15. The apparatus according to claim 14, wherein 
35 said calculator (31c) has a conversion table for 

converting the reproduced signal read out on 
the basis of said digital difference signal and 
sum signal. 

40 16. An apparatus for playback of an optical record- 
ing medium (1) where tracks are formed at 

such a track pitch that at least two tracks are 
scanned simultaneously by a spot of a light 
beam (12) irradiated onto the recording sur- 
45 face, each track having wobble pits (B, C) 
formed at positions deviated from the track 
center, a multiplicity of pits (A) formed exactly 
on the track center, and a mirror portion (11) 
formed between said wobble pits and said 
50 multiple pits which are disposed successively, 

said apparatus comprising: 

an optical detector (25) having first (25a, 
25d) and second (25b, 25c) adjacent light re- 
ceiving areas divided along the tangential di- 
ss rection of record tracks and serving to receive 
the return light of the light beam irradiated to 
and reflected from the optical recording me- 
dium (1); 

12 
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a first level detector for detecting the level 
of a difference signal corresponding to the 
difference between the detection signals out- 
putted from said first (25a, 25d) and second 
(25b, 25c) light receiving areas; 5 

a second level detector for detecting the 
level of a sum signal corresponding to the sum 
of the detection signals outputted from said 
first (25a, 25d) and second (25b, 25c) light 
receiving areas; and to 

a signal discriminator (31) for discriminat- 
ing the recorded data of the optical recording 
medium on the basis of the outputs of said first 
(25a, 25d) and second (25b, 25c) level detec- 
tors. 75 
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